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IfflPgVWmBBnp ME3HTnMTME 

using a rarocm source op gnraPR 



BACRGRODND OF TOE 

Methionine is an essential amino acid in the diet of animals and is used 
widely as a food and feed supplement. It is conventionally produced by 
various multi-step chemical syntheses which generally employ acrolein, 
methyl mercaptan, and cyanide as starting materials. (H.H. Szmant, -Organic 
Building Blocks of the chemical Industry," page 182, John Wiley & Sons, New 
York, 1989.) mere are two resulting product forms: D,Irtnethionine and its 
hydroxy analog. Unlike all other amino acids, l>^ ne thionine is converted to 
the required L-form m vjvo. As a result, chemical syntheses, which 
typically result in the D,L mixture, are feasible and cost-effective in this 



However, fermentation production methods, which are common methods for 
making many low-cost amino acids, do not exist in the case of methionine. 
(K. Aida, i. chibata, K. Nakayama, K. lakinami, and H. Yamada, , 
"Biotechnology of Amino Acid Production,- Proor^ ^ rr^L^^ 
Mierobioloqy ?a , Elsevier, 1986.) This is surprising given that the 
biochemically related essential amino acids lysine and threonine are both 
produced cost-effectively by fermentation methods using inexpensive raw 
materials such as molasses, starch hydrolysates, com steep liquor, and soy 
hydrolysates. (See for example: P.L. Rogers, R.G. Cail, D.F. Midgley, and 
C. Fryer, "The Prospects for I^Lysine Production in Australia," Food 
Teehnolooy In Australia 38 , pp. 514-518, 1986; and S. Furukawa, A. Ozaki, 
and T. Nakanishi, "threonine Production by ^Aspartate- and Wkmoserine- 
resistant mutant of Escherichia cgli," Applied Mi^^bioioav ^ 
Biotechnology sq. pp. 550-553, 1938.) 

Various microbes have been used to produce I>lysine and ]>threonine. Th—r 
have been developed through classical methods of mutagenesis and selection 
as well as genetic engineering. (K. Aida, supra .) Greatest success has 
been realized historically with the Oanm e te e teri a and Breviter*-^ , ^ it 
is also clear that other microbes such as EscheaHrfria coU are viable. 

*here is a need for methods to reduce the metabolic cost and complexity of 
Methionine biosynthesis, ideally making it similar to that for lysine or 
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threonine, such, that an economical f ermeittatian production of neOiicxune is 
possible. 

SOMMKRg OF THE INVENTION 

Ihere are provided feasible fermentation methods far methionine synthesis 
oMnir isiiig the vise of reduced sulfur canpaurris iistead of sulfate as the 
fe rmen tation sulfur source and/oar ccnprising re-designing and thereby 
simplifying the biochemical pathway. Also provided are fermentation 
fflgthods for hom ocysteine synthesis conprising the use of reduced sulfur 
compounds instead of sulfate as the fermentation sulfur source arA/ac 
ocaprising redesigning and thereby simplifying the biochemical patfawsy. m 
a preferred embodiment of the present invention the reduced sulfur source is 
hydrogen sulfide, methyl mercaptan or salts thereof. 

In another preferred embodiment of the present invention there are provided 
improved methods far such, fermentation pn xiesses cxaprising re-designing or 
modifying and thereby simplifying the biochemical pathway. 

BRTRP np gcsmriQN OF THE DRAWINGS 

Figure la is the cannon bios y iithetic pathway to lysine. Methionine arxi 
Ibreonine in Escherichia coli , 

Mgure lb is the Ibreonine biosynthetic pathway in Escherichia coll. 

Figure lc is the lysine biosynthetic pathway in Escherichia coli. 

Figure id is the Methionine biosynthetic pathway in ^cherich-j * coli. 

Figure 2. Variations in the pathways for Methionine biosynthesis: (1) 
Transsulfurylation pathway; (2) Sulfl^drylatian pathway; (3) 
Meftiiylsulfhydrylation pathway. 

DETftlEED DESCRIPTION OF !1BR TWrrKprr^ 

Die present invention relates to methods for the fermentation synthesis of 
methionine and homocysteine. To understand why a cost-effective 
fermentation method for methionine synthesis does not exist, whereas such 
methods are available for lysine and threonine, it is instructive to 
consider in mare detail the differences among the methionine, lysine, and 
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^ threonine biosynOietic pathways. All three amino acids are biochemically 
derived from the same intermediate metabolite, aspartic add (Fig. 1) . in 
fact, threonine and methionine also share a<W -More*! biochemical steps and 
the ocanmon intermediate homoserine. But the syntheses diverge substantially 
v4ien their specific pathway branches are considered (Pig. l) . These are 
oornpared in Table I (J.L. Ingraham, O. Maaloe, and F.C. Neidhardt, "Growth 
of the Bacterial Cell," pp. 122-135, Sinauer Assoc., Inc., Sunderland, 
Mass. , 1983.) Ohe pathways present in ooli are chosen as a basis of 
cxmparison, recognizing however that there is diversity in these pathways 
among microbes and plants and that this comparison should in no way be 
interpreted as l im i t i n g the present invention to pathways using ooli . 
(K.M. Herrmann and R.L. Scmerville, Chapters 9-13 in "Amino Acids: 
Biosynthesis and Genetic Regulation, " AddisoarHWesley Publishing Co. , 1983 ; 
W.B. Jakotoy and O.W. Griffith, Section m.D. in Methods in Enzvmoloqy 143. 
Academic Press, New York, 1987.) 

Table I 

Biochemical Rmlrii ncr Block s w^qH to Synthesize 
Lysine. Threonine, and Methionine 

Amino Acid Aspartate Pyruvate ATP NADFH 1-C S 

lysine 1 1 2 3 0 0 

threonine l 0 2 2 0 0 

Methionine l 0 7 8 1 1 

It is evident from Table I that the biochemical energy requirements for 
methionine biosynthesis, in terms of adenosine triphosphate (A3P) and 
reduced nicxrtdnamide adenine dinucleotide phosphate (NADEH) , are about 
three times hi^ier than for lysine and threonine. tvi-Sc is due to the 
requirements of sulfate assimilation (J.L. Ingraham, supra .) A total of 
three moles of ATP and four moles of NADFH are required to biochemically 
reduce sulfate to sulfide. Ttoo additional moles of ATP are required, one 
eacix to transport sulfate into the cell and to incorparate sulfide into 
cysteine. It is cysteine, finally, that serves as the sulfur donor in the 
biosynthesis of methionine (Fig. 1) . In addition, methionine biosynthesis 
uniquely requires the inoarporatian of a methyl group (Fig. I, Table I) . 
Ihis is derived as 5- methyl-tetrahydrofolate (CH3-THF) from the conversion 
of serine to glycine. Clearly considering the foregoing, the rngt^wyi j c cost 
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and complexity of synthesizing methionine with sulfate as the sulfur source 
is much greater than that far lysine ar threonine. ' 

There is natural diversity among microbes and plants in the biosynthesis of 
methionine. Obis is represented »»pmatiftaTiy fcy Figure 2 and can be 
summarized as follows (K.M. Herrmann, supra: W.B. Jakofay, sunra? F.C. 
Neidhardt, Chapter 27 in Escherichia ooli and saimm&na f y r ^imiirHnm r 
American Society for Microbiology, Washington, D.C., 1987; M. Dixon and E.C. 
Webb, "Enzymes," 3rd edition, Academic Press, New York, 1979; S. Yamagata, 
BioAimi^ 71 (1989) 1125-1143) : 

1) In the met hion ine biosynthetic pathways of an microbes, hcmoserine is 
first activated either by suocinyl-Cok CEs. ooli and * yrfo^TT»iumY car 
acetyl-OaA (fungi, yeast, and bacteria such as Brevi frftc?frgH »™ and 
BarrfThTa) . These reactions are catalyzed by hcmoserine 
succinyltransf erase (EC 2.3.1.46) and hcmoserine acetyltransf erase (EC 
2.3.1.31), respectively. 

2) In the m et h i on ine biosynthetic pathway of plants, hcmoserine is 
activated by N3? in a reaction catalyzed by hcmoserine kinase (EC 
2.7.1.39) . The hcmoserine kinase reaction also occ urs in microbes, 
ix± the resulting O^iMSfiKiKaioserine is an intermediate in threonine, 
but not met hion ine, biosynthesis. 3faus in plants O-pho^tahcroserine 
is the branchpoint between the methionine and threonine pathways, 
whereas in microbes the branchpoint is hcmoserine. 

3) In the microbial transsulfurylation route to msthionine, 
acylhcmoserine, in reactions catalyzed by O-succinylhcmoserine 
(thiol) -lyase (EC 4.2.99.9) and cystathionine 0-lyase (EC 4.4.1.8), 
accepts reduced sulfur from cysteine to give homocysteine. (O- 
Suocdi^Ihcmsserine (thiol) -lyase is also known as cystathionine 7- 
synthase.) 

4) In the microbial sulfhydrylation route, homocysteine is produced 
directly from acylhcmoserine and sulfide by t>-succinylhcmoserine 
(thiol) -lyase or O-aoetyl hcmnserine (thiol) -lyase (EC 4.2.99.10). O- 
ac^tylhomoserine (thiol) -lyase is also known as homocysteine synthase 
and methionine synthase. 
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5) In the m icrobial methylsulfhydrylation route, methionine is produced 
directly from acylhomoserine and methyl mercaptan by O- 
sucxdnylhcanoserine (thiol) -lyase or O-acetylhomoserine (thiol) -lyase. 

6) ™ teanssulfliydrylation and sulfhydrylation routes in plants are 
catalyzed by cystathionine 7-synthase. Ihe plant enzyme cystathionine 
7-synthase is distinct from EC 4.2.99.9 and is unique in using O- 
phospho h c ro oserine as a substrate. 

Hdmoserine is a poor substrate of O-aostylhomoserine (thiol) -lyase, 
except in the case of the enzyme from Sciiizosac^harativces pombe (s. 
Yamagata, supra) . 



7) 



me methionine biosynthetic enzymes above belong to the group of pyridaxal 
rhosphate-containing enzymes. These are flexible catalysts known to carry 
out various elimination and replacement reactions, (c. Walsh, Chapter 24 in 
"Enzymatic Reaction Mechanisms," W.H. Freeman & Co., San Francisco (1979). 
Another of this group, tryptophan synthase converts serine and sulfide at a 
very high rate to cysteine (K. Ishiwata, T. Nakamura, M. Shimada, and H. 
Makiguchi, "Enzymatic Production of L-cysteine with Tryptophan Synthase of 
Escherichia SOli." J. FermBnfcalHnn and Birerv^T^^w, trf. 1€9 - l72t 1989). 
This reaction is analogous with the reaction of homoserine and sulfide. 

The various reactions relating to sulfur incorporation and methionine 
biosynthesis have yet to be considered in the design of a viable 
fermentation method. The use of sulfide or methyl mercaptan instead of 
sulfate reduces the metabolic cost of methionine synthesis to the levels of 
lysine and threonine. In the present invention two ATP and three NRDEH are 
required since the active transport of sulfate, reduction of sulfate, and 
synthesis of cysteine are all eliminated. 

Use of sulfide or methyl mercaptan also reduces the metabolic complexity of 
methionine biosynthesis since the biosynthesis of cysteine and, in the case 
of methyl mercaptan, CH3-THF are eliminated. Farther simplification is 
possible and may be desirable by adapting the plant biosynthetic pathway to 
microbes by methods known to those skilled in the art. Since homoserine 
kinase is already present as an enzyme functioning in the microbial 
threonine pathway, this modification requires only introduction of plant 
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cystathionine -y-lyase activity, Hbls could be accomplished by structurally 
modifying microbial O-acylhcmoserine (thiol) -lyase car by expressing plant* 
cystathionine -y-lyase in the pro du ci n g microbe. iateniatively, structural, 
modifications could be made in these enzymes or other candidate pyridoxal 
phosphate enzymes such as tryptophan synthase in order to effectively ree 
hcmoserine directly as a sub stra te in sulfur incorporation. Or the O- 
aoetylhcmoserine (thiol) -lyase from txaribe could be used without 
modification. 

While reduced farms of sulfur would be preferred to iHivtnrfq» the requirement 
far biochemical energy, other more oxidized forms of sulfur are also 
beneficial. As described above, an improvement throu^i metabolic 
s al ification results whenever sulfide, rather than cysteine, is 
incarparated directly into hcmoserine or an activated derivative. Thus more 
oxidized forms such as sulfate, sulfite, and thiosulfate may be provided as 
sulfur sources and biochemically reduced to sulfide, ftiifl*» and 
thiosulfate also diminish the need far biochemical energy relative to 
sulfate since they are more reduced forms, althougi the energy requirement 
is greater than far sulfide or methyl mercaptan. 

By reducing the complexity of the Methionine biosynthetic pathway, the 
engagement of mic robial metabolism in methionine over-production is 
extensive. This reduces the number of genetic changes that must be 
introduced into the p rod ucin g microbe by classical or genetic engineering 
methods in order to de-regulate methionine biosynthesis and limits the 
disruption of microbial metabolism, in general. As ^ herein, "de- 
regulate" means any effect an the self -regulation of the microbial 
metabolism far example, any effect an microbial self-regulation by feed-back 
inhibition or repression. Such de-regulation can be achieved thr^vjh 
methods known to those skilled in the art such as for exanple, ^ agc j r^i 
mutagenesis and selection or genetic engineering. 

Die net result is to transform the methionine biosynthetic pathway to one 
that compares favorably with those far lysine and threonine in terns of 
metabolic cost and complexity. In this way, a feasible fermentation method 
of methionine production can be realized. 
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EHPERIMENT&L 

Die f ollcwlng disclosure is intended to serve as a representation of 
^ embodiments herein, and should not be construed as limiting the scope of 
this application. 

Example 1 

Methionine Produc tion via J^lharroserine 
ffliil-Fhyr arvlation Route) 

IU. oolir glutamicun^ and ]L. flavum are deregulated for hcmoserine over- 
production ty classical or genetic engineering methods, lhe sulftydrylation 
rcute to methionine is introduced into these microbes by transforming them 
with plasmid(s) encoding hcmoserine aoetyltransf erase, <>-acetylhooKDserine 
(thiol) -lyase, and hcanocysteine methylase. Ths parent and transf armed 
microbes are cultivated individually in a fermentation medium containing 
glucose, soy hydrolysate, and inorganic nutrients, She medium is 
supplemented either with sulfate or sulfide as a source of sulfur far 
methionine production. Table I indicates the relative amount of methionine 
that is produced by each strain. 





Table T 




Microbe 




Methionine 


Sulfur Source 


Produced* 


E. coli parent 


sulfate 




coli parent 


sulfide 




E. coli transformant 


sulfate 


+ 


JL. coli transformant 


sulfide 


++ 


C. alutamicum parent 


sulfate 




C alutamicum parent 


sulfide 




C. alutamicum transfarmant 


sulfate 


+ 


C. alutamicum transformant 


sulfide 


++ 


B. flavum parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transfarmanfc 


sulfate 


+ 


B« flavum transf armant 


sulfide 


++ 


* low (-), medium (+) , hi^h (++•) 
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Homocysteine Production via arnmicm-^eariiis 
fsnlfhvrirylafcion Pr.i<- B ) 

The parent strains of Example 1 are delH-pd far homocysteine methylase activity. 
The microbes are then txansf armed, with, plasmid(s) encoding; homoserine 
acetyltransf erase and O-acetylhomoserlne (thiol) -lyase. The homocysteine 
methylase negative parent and transformed microbes are cultivated as in Example 
1. Table re indicates the relative amount of homocysteine that is produced by 
each strain. 









Microbe* 


Sulfur Sourer 


Homocvsteine 


E. ooll parent 


sulfate 




E» ooli parent 


sulfide 




E. coll txansf anient 


sulfate 


+ 


E-_ ca)i transfarmant 


sulfide 


++ 


C. qltitamirsim pronf 


sulfate 




tflufcaitrirrmi ywronf 


sulfide 




C. CTlUtamri m-rm franco » humI 


sulfate 


+ 


C. oiufcrimi raim -hr^ngf<Hnniu| n | 


sulfide 


++ 


B. flavum parents 


sulfate 




JL. flavum parent 


sulfide 




B. flavum ta-jwukft i> n^nh 


sulfate 


+ 


JL, flavum transf onmaTiti 


sulfide 


++ 



*A11 strains lack, homocysteine methylase activity 
**low (-), medium (+) r high (++) 



Ejsapig_2_ 

Methionine Prrv^ uction v|a Arylhonoserine 
fMBthVlsulfhvdrvlafcian Pn»^) 

The strains of Example 2 are cultivated as in Example 1 except that 
nethylmercaptan is supplied as the supplemental sulfur source. Table ttt 
indicates the relative amount of methionine that is produced by «^ strain. 
Methionine production is indicative of a fuix±ioning methylsulQ*aryla±ion 
pathway. 
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Microbe* 

E. coli parent 

E. coli I .rv^ngf tct niuif |^ 

Ci. glutamicum parent 

C. glutani igmn transf ormant 

JL. flavum parent 

Bi. flavum transf ormant 



*A11 strains lack honocysteine methylase activity 
**lcw (-), high (-H-) 

Methionine Production via PhoqahtAcRnriserijie 
rsul-Fh ydrvlation Routed 

me parent strains of Exanple 1 are transformed with plasmid(s) encoding 

homoserine kinase, plant cystathionine ^-synthase and homocysteine methylase. 

She parent and transformed microbes are cultivated as in Example 1. T^ble IV 

indicates the relative amount of methionine that is produced by each strain* 



Methionine 
Produced* * 





Table TV 








Methionine 


Microbe 


Sulfur Snmtv 


Produced* 


JU. coli parent 


sulfate 




JL_ coli, parent 


sulfide 




coli transf ormant 


sulfate 


+ 


S±. coli transf ormant 


sulfide 


++ 


_C. alutamicum parent 


sulfate 




C. alirfcam-irmm pnpnf 


sulfide 




C. alutamicum trarisfarmai^ 


sulfate 




_C. crlutamicum ta-aii^rnt ni^nl 


sulfide 


4+ 


fia. flavum parent 


sulfate 




Si. flavum parent 


sulfide 




JL. flavum transf ormant 


sulfate 


+ 


flavum transfaoaant 


sulfide 





* lew (-), medium (+), hiepi (-H-) 
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TV?rm P 1 ° « 

Methionine Production via Phrv^r^rmo^^ir^ * 

The deleted parent strains of Example 2 are transformed with plasmid(s) encoding 
hc*oserine kinase and plant cystathionine 7-synthase. One parent and transf canned 
microbes are cultivated as in Example 3. Table V indicates the relative amount 
of methionine that is produced by each strain. 

Table V 

Microbe* Methionine 

Produced* * 

JIL coli parent 

2L. coli txansf armant 

alutamicum parent _ 
Ci. qlufcamir aim transfdnrant 
JL. flavim parent 
B» flavim fa^riegpQ CTaj^ 



*J^?S^^^5fT qySteine ^ethylase activity and were 
supplied with methylmercaptan 

**low (-) , high (++) 

Methionine Production via Hnmrwpriwa 

The parent strains of Example l are deleted for their homoserine 
acyltransf erase activity. The microbes are then transformed with 
plasmid(s) encoding O-ac^lhcmoserine (thiol) -lyase from ^ rombe and 
hanoysteine methylase. The parent and transformed microbes are 
cultivated as in Example l. Table VI indicates the relative amount of 
methionine that is produced by each strain. 
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Table yr 




Microbe* 




Methionine 


Sulfur Source 




coli parent 


sulfate 




JL. coli parent 


sulfide 




coli transfannant 


sulfate 




E. coli transfannant 


sulfide 


■ i 


C. alutamicum pangnt 


sulfate 




C. alutandcum parent 


sulfide 




C. alllfcamiCMIH trar«rf>w-nMrirf- 


sulfate 


•t. 


C*_ olixtamicum transfarmant 


IMP 


++ 


Si. flavum parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transfotrmaTit 


sulfate 


+ 


B. flavum taransfarmant 


sulfide 





♦All strains lack hamoserine acyltransferase activity 
**low (-), medium (+), high (++) 

• iftgwp?** 7 

Methionine Produc tion via flcnpserina 
mBt^1mi1-FHyr*rY7« i-tiQn Potlt-j*) 

Die deleted parent strains of Example 6 are transformed with a plasmid 
encoding O-acetylhamoserine (thiol) -lyase from Sa. combe , 3he parent 
and transformed microbes are cultivated as in Example 3. Table VH 
indicates the relative amount of methionine that is produced by each 
strain. 

liable Vn 

Microbe* 

Produced* * 

E*. coli parent _ 
JL ooli transfannant 
Q*. alv^n^rm parent 

alutamicum transfannant 

flavum parent 
£&. flavum transfannant 



*A11 strains lack hctnoserine acyltransferase activity 
**lcw (-), hi#i (4+) 
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WH&T IS CT3VTMFTI Tg » 

1. A method far enhancing methionine production in a fermentation process of a 
microbial cell by modifying the methionine hiosynthetic pathway of cell 
cxsooprising the steps of: 

i» transforming or transducing a hcmoserine^ctivating enzyme gene 
fragment capable of expressing said hcmoserine-activating enzyme and a 
sulfu^inoorparating enzyme gene fragment cr^bl^ of expressing sulfur 
enzyme into said cell; 

ii. growing said cell under such conditions that transformation car 
transduction of both gene enzymes are effected; 

iii. reco v er i ng a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than cysteine or methionine 
to said transformed or transduced cell as the sulfur source far methionine 
production. 

2. The method of claim 26 therein said exogenous sulfur compound is a reduced 
sulfur ccnpcund consisting of hydrogen sulfide, methyl msrcaptan or a salt 
thereof. 

3. Ihe meth od of claim 26 wherein said exogenous sulfur compound is an oxidized 
sulfur ccnpound consisting of sulfate, sulfite or thiosulfate. 

4. Dae method of claim 27 car 28 therein g*i^ hcmoserine-actdvating enzyme is 
sel ec t ed from the group consisting- of homoserine kinase, homoserine 
aoetyltransf erase and homoserine suroinyltransf erase. 

5. Ohe metho d of claim 27 car 28 wherein g*iri sulfur-incorparating enzyme is 
se lec t ed from the grocqp consisting of O-suazh^lhcxnosenne (thiol) -lyase, O- 
acetylhomoserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The met h od of claim 27 wherein said sulfcDr-inaarparating enzyme converts 
hcmoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

7. Qhe met hod of claim 27 wherein said sulfur^incarparating enzyme converts 
h o m oserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. lb& method of claim 28 wherein said sulfur^incorporating enzyme converts 
hamoserine directly to homocysteine. 

9. A method far enhancing homcxysteine production in a fermentation process of 
a microbial cell ky modifying the metMonine biosynthetic pathway of said cell 
comprising the steps of: 

i. transforming car transducing a hcsnoserine-activating enzyme gene 
fragment oapnhle of expressing any said horcserine-ac^vating enzyme but 
not i n c ludin g homocysteine methyl asp, and a sulfur^iiu^crparating enzyme 
gene fragment capabl e of expressing said sulfur enzyme into said cell; 

ii. grating said cell under such conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur cxxnpound other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source far 
homocysteine production. 

10. The method of claim 34 Wherein said exogenous sulfur compound is a reduced 
sulfur ocaqpound consisting of hydrogen sulfide, or a salt thereof. 

U. Die method of claim 34 wherein said exogenous sulfur ccapound is an oxidized 
sulfur conpaund consisting of sulfate, sulfite or thiosulfate. 

12. She method of claim 35 or 36 wherein said hcanoserine-activating enzyme is 
selected frcm the group consisting of hamoserine kinase, hamoserine 
acetyltransf erase and hamoserine succinyltransferase. 

13. The method of claim 35 oar 36 Wherein said sulfur^incai^xaratang enzyme is 
selected frcm the group consisting of O-succdiylhcmoserine (thiol) -lyase, O- 
aoetylhcmoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 35 viierein said sulfur-inoarporating enzyme converts 
hamoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 



15. Otoe method of claim 36 therein said sulfur^incxarparating enzyme converts 
hamoserine directly to haarccysteine. 
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16. Ibe metho d of claim 26 car 34 Wherein said transformed car transduced cell 
produces an amino acid that is greater than said amino acid of a non-txansf armed 
or transduced cell. 

17* Ohe Trethod of claim 26 or 34 Wherein said transformed or transduced f»n is 
sel ec ted fran the group consisting of Carynebacteria, Brevibacberia. ar 
Escherichia, coll. 
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• * [received by the International Bureau on 3 August 1993 (03.08.93); 

original claims 2-8 , 10 and 17 amended; other claims unchanged (3 pages)] 

■«» 

1. A method far enhancing methionine production in a fermentation p r nrr ^ n of a 
microbial cell by modifying the methionine biosynthetic pathway of g^ iti cell 
ocnprising the steps of: 

i. transforming or transducing a hcmoserine-activating enzyne gene 
fragment capable of expressing said hcnoserine-activating enzyme and a 
sulfur-incorporating enzyme gene fragment capable of expressing said sulfur 
enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzymes are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur conpound other than cysteine or methionine 
to said teansf armed or transduced cell as the sulfur source for methionine 
production* 

2. The method of claim 1 wherein said exogenous sulfur conpound is a reduoed 
sulfur ujtpjLuil consisting of hydrogen sulfide, methyl mercaptan or a salt 
thereof. 

3. The method of claim 1 wherein said, exogenous sulfur compound is an oxidized 
sulfur o: ii |m.uj i1 consisting of sulfate, sulfite or thiosulfate. 

4. Ihe method of claim 2 or 3 wherein said hcroeerine-activating 

enzyme is 

selected from the group consisting of homoserine kinase, homoserine 
acetyltransferase and homoserine succinyltransf erase . 

5. The method of claim 2 or 3 wherein said sulfur-inoarporating enzyme is 
selected fran the group consisting of O-suacinylhcmoserine (thiol) -lyase, O- 
aoetylhcmoserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The method of claim 2 wherein said sulfur-incorporating enzyme converts 
homoserine and said hydrogen, sulfide or a salt thereof directly to homocysteine. 

7. The method of claim 2 wherein said sulfur-incorporating enzyme converts 
homoserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. The method of claim 3 wherein said sulfur^inootparating enzyme converts 
hcmoserine direc t ly to homocysteine. 

9. A method for enhancing homocysteine production in a fermentation ] ;»■ ■■» of 
a microbial cell fcy modifying the methionine bicsynthetic pathway of said cell 
milir i sing the steps of: 

i. transforming or tra nsduci ng a hanoserine-activating enzyme gene 
fragment capable of es^iressing any said hcmoserine-activating enzyme hut 
not including homocysteine methylase, and a sulfur-inoorparating enzyme 
gene fragment ca p a ble of expressing said sulfur enzyme into cell; 

ii. growing said cell under sucii conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; art 

iv. adding an exogenous sulfur oonpound other than methionine or cysteine 
to the said transformed car transduced cell as the sulfur source far 
homocysteine production. 

10. ifce method of claim 9 wherein said exogenous sulfur carpound is a reduced 
sulfur < a inx Aind consisting of hydrogen sulfide, car a salt thereof. 

11. Die method of claim 9 wherein said exogenous sulfur conpounl is an 
sulfur oaqpcund consisting of sulfate, sulfite or thiosulfate. 

12. She method of claim 10 or 11 wherein said homoserine-activating enzyme is 
selected from the grocp consisting of hamserine kinase, hcmoserine 
aoetyltransf erase and hcmoserine succinyltransferase* 

13. Die method of claim 10 or 11 wherein said sulfur-incorparating enzyme is 
selected from the gnxp consisting of 0-«ucciiylhcnKKerine (thiol) -lyase, o- 
acetylhanoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 10 wherein said sulfur-inoorparating enzyne converts 
hcmoserine and said hydrogen sulfide or a salt thereof directly to hcmocysteine. 

15. me method of claim 11 herein said sulfur-inoorparating enzyne converts 
hcmoserine directly to homocysteine. 
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16. lhe method of claim 1 or 9 wherein said transformed or transduced cell 
produces an amino acid that is greater than said amino acid of a non-transfarmed 
or tr an s d uced cell. 

17. me method of claim 1 or 9 wherein said transformed or transduced ~n is 
selected from the group consisting of Carynebacteria, arevUbacteria or 
Escherichia coll. 
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